LETTERS TO THE EDITOR 1269 -6S.32 kcal,' and -20S.14 kcal 5 for the heats of formation of CO,(g), H,O(l) and SiO,(amorph.) from standard elements, respectively, and are shown under -tl.H,o. The heats of formation in the gaseous state from mono atomic gases, tl.E, were calculated using the values presented by Pauling" for the heats of atomization of the constituent elements (except silicon). The value 89.2 kcaljg-atom was used for that of silicon. 7 The latent heats of vaporization of these liquids were estimated from Trouton's rule. The value tl.E may be shown by the following expression: tl.E=aEsi_o+bEsi_si+cEc_o+dEc_H.
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University of Michigan, Ann Arbor, Michigan (Received April 19, 1954) I T is well known that in molecules possessing a center of inversion spectral lines corresponding to fundamental, overtone, and combination frequencies are mutually exclusive in Raman and infrared spectra, i.e., lines appearing in Raman effect are forbidden in infrared absorption and vice versa. The object of this note is to show that this rule is not universally true in crystals.
In molecules, the center of inversion is unique and it commutes with all other symmetry elements. The point group G of the molecule can be written as the direct product of two groups in the form G=G I XG 2 where G2 is the group of order 2 consisting only of the elements E and i. Each irreducible representation of G can be designated g (gerade) or u (un-gerade) according as the trace of i in the representation is positive or negative. Further every eigenfunction can be described as symmetric or antisymmetric with respect to i. Modes of vibration which are symmetric with respect to i are permitted only in Raman effect and modes which are antisymmetric with respect to i are permitted only in infrared spectrum.
In the case of crystals, the center of inversion is not unique. Instead, we have an infinity of centers of inversion and they do not necessarily commute with the other symmetry elements. The modes of vibration can no longer be designated symmetric or anti symmetric with respect to the centers of inversion, nor even with respect to one center of inversion. However, all permitted fundamentals in crystals correspond to modes in which equivalent atoms in neighboring unit cells move in phase.' Such modes can be described symmetric or anti symmetric with respect to anyone i (and therefore with all i) and the rule of mutual exclusion is still valid. However, the following example shows that the rule breaks down in general.
The finite space group Oh 7 obtained by taking twice the Bravais primitive translations as equivalent to the identity element is of order 4SX8. This group has twenty irreducible representations, 4 one-dimensional, 2 two-dimensional, 4 three-dimensional, 4 sixdimensional, 4 four-dimensional, and 2 eight-dimensional. The one-, two-, and three-dimensional representations correspond to the irreducible representations of the isomorphic point group Oh. We give below the characters of the four three-dimensional and the four six-dimensional representations of our extended group. The first row refers to the order of the conjugate class. Typical symmetry elements in the first six conjugate classes are E, C" C" Recently Mitral has shown that kef is linear with n for the hydrides of the 2nd and 3rd periods.
It was shown by King' and Sheline' on semi theoretical grounds that logke should be linear with 10gZ. 10gke=A 10gZ+logB
(1) or Now for each period Z=a+n hence ke=B(a+n)A or (2) i.e., some power of k, should be additive.
When Eq. (1) is tested for the 2nd group hydrides "A" comes out nearly 1.9, so the linearity of k,f is justified in this case. But for the 3rd group hydrides, "A" is nearly 4. Hence ke l should give better linearity, which is tested in Table I S OME valuable results have been obtained for the absorption spectra of conjugated organic dye molecules by Kuhn,! Bayliss,. and others by adopting a free electron gas model for these compounds. In addition to this assumption, further empirical assumptions were made while applying this theory to cyanines and diphenyl polyenes. For example, Kuhn' assumed that the phenyl group at the end of the conjugated chain of the cyanine molecule increases the path of the electron by 2/3 the length of the linear part, while Bayliss proposed that introduction of a phenyl group at the end of a polyene chain is equivalent to the introduction of another double bond in the chain. Although with these assumptions the agreement between the calculated and experimental frequencies of absorption was good, there is no theoretical justification for such assumptions. In recent years, the free electron model has been extended with encouraging results by various workers,",4 replacing the one-dimensional box approximation by a free electron network structure and applying continuity and conservation conditions at the junction of conjugated segments of the. molecule under consideration. Especially interesting are the results obtained by Nakajima 6 using this model for styrene homologs, polyphenyls, nonalternate hydrocarbons, and pyridine. This model, when used for cyanines and diphenyl polyenes, also gave close agreement with experimental absorption values as reported in the present note.
For this purpose the cyanine molecule is divided into segments as shown in Fig. 1 . The free electron wave function for the 7r electron in each segment is then expressed in the form u(x) =a coswx+b sinwx. The origin of the coordinate of each wave function is taken at the point marked with a big dot and the coordinate x is expressed in units of C-C bond distance (1) taken as 1.39A. The energy states are given by At each junction point it is assumed that (i) the wave functions are continuous and (ii) the algebraic sum of the first derivative of the wave functions is zero. From these we get the two following relations, sin3w=0 and cos(n-3)w=3 cos(n+3)"" graphical solutions of which give the values of w and hence E, the various energy states. (n in the above equation represents the number of bonds in the linear part starting from the terminal nitrogen atom to the junction point in the phenyl ring.) We then assume that each carbon atom in the conjugated system contributes one 7r electron each, while two nitrogen atoms together contribute 3. Electrons are distributed from the lowest energy state upwards, two on each state. Center of gravity of the absorption band corresponds to the transition from the highest filled level to the lowest vacant level. The results of such calculations are summarized in Table I . It is evident that the agreement is more than what can be expected and there is no need for making any empirical assumption as to the box dimension. In the case of diphenyl polyenes the origin of the coordinate in the linear part is taken at the midpoint of the straight chain and relation obtained for ware sin (3w) =0 and cos (n/2 -3)", = 3 cos (n/2+3)",.
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Owing to symmetry of the molecule energy levels are doubly degenerate. The results are summarized in Table II graphical evaluation of", was not very accurate it is expected that better agreement will be obtained by more accurate computation of w (detailed calculations will be published elsewhere).
